Segmental colectomy is an ideal procedure for natural orifice transluminal endoscopic surgery (NOTES). Transanal endoscopic approaches have enabled rectosigmoid colectomy through a viscerotomy that is resected with the specimen. To extend NOTES segmental colectomy to the entire colon and beyond, a rectal viscerotomy will have to be safely and effectively closed at the end of the procedure. A new technique for rectal viscerotomy closure using a circular EEA Hemorrhoid and Prolapse Stapler with DST Series Technology (Covidien) is described.
Introduction
The concept of natural orifice transluminal endoscopic surgery (NOTES) in digestive surgery involves the use of the transgastric, transvaginal, transanal, or transvesical routes to access the peritoneal cavity avoiding incisions in the abdominal wall. 1 Although some authors have reported experimental transrectal NOTES procedures such as cholecystectomies 2 and ventral hernia repair, 3 the natural field of application of this access is colorectal surgery since it is more justifiable to create a viscerotomy in the organ to be resected.
We have previously demonstrated the feasibility of a double access (transgastric and transrectal) pure NOTES sigmoidectomy in a survival swine model. 4 Mesentery dissection, anvil placement, and proximal sigmoid division were achieved transrectally whereas anastomosis construction and specimen retrieval were done after a "pull through" technique.
In more proximal colonic resections higher than the level of transrectal viscerotomy, the access is not included in the specimen and its closure must be addressed. There is a lack of secure closure methods of the transrectal incision. Different solutions have been proposed to address the rectal viscerotomy such as the placement of endoloops and/ or endoclips, 2 The aim of this study is to assess the feasibility of fullthickness transrectal viscerotomy closure using a circular stapler (EEA Hemorrhoid and Prolapse Stapler with DST Series Technology, Covidien, Mansfield, MA) in a totally NOTES transgastric and transrectal segmental colectomy using transanal endoscopic operation (TEO) as surgical platform.
Materials and Methods Equipment
TEO (Karl Storz, Tuttlingen, Germany) is a modification of TEM 6-8 with a dedicated instrumentation composed of a special endoscope (8 or 15 cm in length and 4 cm in diameter) equipped with high-definition video laparoscopic imaging system that allows precise manipulation of tissue, full-thickness resection, and suturing of the defect. 9 EEA Hemorrhoid and Prolapse Stapler with DST Series Technology (Covidien) is designed for use in circumferential Editorial rectal stapling to treat hemorrhoids or rectal prolapse. The instrument (33 mm diameter) places a circular, staggered, double row of titanium staples and removes a circular tissue specimen. Staples come in either 3.5 mm or 4.8 mm heights.
Animals
Animals used in our experimental laboratory are managed according to the French laws for animal use and care and according to the directives of the European Community Council (number 86/609/EEC). The study was performed on one adult healthy pig (40 kg). The animal was fasted for 48 hours before surgery. Premedication by intramuscular injection of ketamine (7 mL) and azaperone (3 mL; Stresnil, Janssen-Cilag, Belgium) was administered 1 hour before surgery. Induction was achieved by intravenous propofol (10 mL/30 kg) combined with pancuronium (2 mL). Anesthesia was maintained with 2% isoflurane. Rectal enema was performed under anesthesia just prior to the procedure.
Step-by-Step Procedure
Step I: Transgastric approach to the peritoneal cavity and urinary bladder fixation. A double-channel video gastroscope (Karl Storz, Tuttlingen, Germany) is inserted per orally into the stomach. The gastrotomy site is chosen according to the percutaneous endoscopic gastrotomy technique by observing the indentation on the gastric wall produced by palpation of the anterior abdominal wall. A 1-cm long incision on the anterior gastric body is performed with a monopolar energy needle-knife. The metallic tip of the needle-knife is then retracted and a dilating balloon catheter (Controlled Radial Expansion, CRE, Boston Scientific, Ireland) is pushed through the incision and inflated to dilate the gastrotomy and then used as a guide to advance the gastroscope into the peritoneal cavity. A peritoneoscopy is then performed to rule out preexisting spontaneous peritonitis or adhesions and to exclude any damage that may have occurred during the creation of gastrotomy. Carbon dioxide (CO 2 ) low pressure (12 mm Hg) pneumoperitoneum is achieved through the gastroscope insufflator. The urinary bladder is then emptied and fixed to the abdominal wall with transparietal stitches.
Step II: Creation of the transrectal access ( Figure 1 ). The pig is placed in a steep Trendelenburg position. A TEO device (Karl Storz) is inserted transrectally. A CO 2 pneumorectum is created throughout the TEO insufflator with a working pressure of 8 mm Hg. The gastroscope insufflator pressure is lowered to 4 mm Hg to facilitate rectal insufflations.
A full-thickness 1-cm incision is practiced approximately 10 cm upward from the anal verge using 5-mm scissors with monopolar cautery (Mini-Shears Roticulator, Autosuture) through the anterior aspect of the rectal wall to reach the abdominal cavity. Under TEO control, a 20-cm long and 1-cm diameter flexible plastic tube is inserted and passed through the rectal defect into the abdominal cavity as a trocar for dissecting device.
TEO is then removed and a second plastic tube with a magnetic tip is now passed in the sigmoid colon. The gastroscope insufflator pressure is raised to 12 mm Hg.
Step III: Sigmoid colon mesentery dissection (Figure 2 ), percutaneous colonic anvil placement (Figure 3) , and segmental colonic resection (Figure 4 ). To achieve exposure and traction on the mesentery we used our previously described technique in experimental and clinical setting. 10, 11 Briefly, a plastic tube with a magnetic tip is advanced in the sigmoid colon and controlled by moving an external magnet applied on the abdominal wall.
Dissection is accomplished using roticulating scissors (Mini-Shears Roticulator, Autosuture) to make windows in the mesentery and the LigaSure-Advance (Covidien, EBS Boulder, CO) to achieve the vascular control. Instruments are passed through the transrectal tube. At this point, under peritoneoscopic and endoscopic control, the anvil of the DST series PCEEA circular stapler (Covidien, Mansfield, MA) is placed according our previously described technique of percutaneous endoluminal colonic anvil control (PECAC). 12 The plastic tube serving as a port for dissecting instruments is replaced by a long 12-mm port (Versaport V2 Autosuture) to fit the linear stapler. Proximal level of transection is achieved with an endoscopic linear articulated stapler (EndoGIA Universal 45 mm; blue cartridge; Autosuture) just below the anvil. Two endoloops are placed around the base of the anvil to avoid fecal spillage around the anvil's shaft. The distal transection is also accomplished with an articulated 45-mm long linear stapler.
Step IV: Transanal retrieval of the specimen and anastomosis construction ( Figure 5 ). The specimen is delivered transanally through the viscerotomy along with the Versaport (Covidien). A transabdominal Berci needle is used to grasp the already positioned anvil. A 21-mm DST PCEEA circular stapler (Covidien) is inserted carefully transanally and a side-to-end stapled anastomosis is realized.
Step V: Closure of the transrectal access ( Figure 6 ). Pneumoperitoneum is reduced to 4 mm Hg. The TEO is inserted again and a pneumorectum established. A running suture with 2.0 Maxon (Covidien) is placed at the edges of the viscerotomy and then tied using a pushing knot to invaginate the mucosal edges of the rectal defect over the anvil of the stapling device ( Figures 6A and 7) .
The EEA hemorrhoid stapler is inserted through the TEO device and the threads of the running suture are pulled downward to sit between the 2 parts of the stapler and then the latter is fired (Figures 6B and 8) .
At the end of the procedure, an air leak test is performed. At the conclusion of the procedure the pig was sacrificed and a forensic laparotomy performed to check the anastomosis and the closure.
Results
Total operative time was 95 minutes. Transgastric and transrectal accesses were created in 8 and 20 minutes, respectively. There were no intraoperative complications. Proximal and distal donuts of the anastomosis were complete. Air leak test was negative and endoscopic check confirmed the anastomosis sealing.
Rectal vicerotomy closure was easily achieved in 15 minutes and on endoscopic visualization it appeared to be a completely sealed closure (Figure 9 ). The macroscopic examination of the specimen showed that the stapled viscerotomy closure was hemicircular and full-thickness ( Figure 10 ). 
Discussion
We present a new closure technique of the transrectal access in the context of a NOTES transgastric and transrectal segmental colectomy. We have previously demonstrated the feasibility of a double access (transgastric and transrectal) pure NOTES sigmoidectomy in a survival swine model. 4 The next step we developed was the PECAC technique 12 to facilitate the placement of the oral anvil in virtually all the colon segments to be resected avoiding to open the bowel intraperitoneally.
The SAGES/ASGE Working Group on NOTES identified the secure closure of viscerotomy as one of the leading barriers that needed to be surmounted for the development Figure 3 . Percutaneous colonic anvil control (PECAC) A, Once the correct level of proximal resection is identified, the colon is punctured percutaneously under direct endoscopic and transgastric laparoscopic control with the needle-cannula of a Ponsky percutaneous endoscopic gastrotomy kit (Bard Access Systems, Salt Lake City, UT). The insertion wire is passed through the cannula and grasped endoscopically by a biopsy forceps placed in the working channel of the colonoscope. B, The colonoscope and the wire are withdrawn through the anus. The anvil of the PCEEA circular stapler (Covidien Mansfield, MA) is tied to the wire. C, The anvil is pulled retrogradely into the rectum by traction on the wire back through the cannula. D, The anvil is advanced through the needle puncture site in the colon by traction on the wire. Once it is completely out, the anvil pike is secured in position by 2 endoloops (not shown). 13 Several methods to close transcolonic access have been reported. Manual suture with TEM instruments of peritoneal defects after full-thickness tumor resections has been used since the introduction of the technique and is safe even in the upper rectum. 14, 15 Furthermore, a low rate of post-TEM rectal stenosis has been reported. 16 Endoscopic suturing ensures a fullthickness approximation but may be challenging and time consuming.
Wilhelm et al 5 proposed the closure of the viscerotomy by closing a previously placed purse-string around the incision and then excising the slight elevation resulting after closure with a linear stapling device.
Endoloops can be adequate to close colonic planned visceral perforations, 17 whereas endoclips seem to be inadequate for primary closure but may be useful as adjunctive closure modality. 2, 17 Sileri et al 18 proposed a modified stapled transanal rectal resection for full-thickness excision of flat lesions with a diameter up to 2 cm within 12 cm from the anal verge. The rectal wall comprising the tumor was entrapped in the circular stapler pulling on 2 purse-strings created above and below the lesion so that achieving a fullthickness resection. The authors describe this technique as quick and simple.
Landi et al 19 performed complete excisions of endometriosis nodules with full-thickness disk resections of bowel using a CEEA stapler inserted transanally. We applied a similar concept to close the planned surgical viscerotomy endoluminally using a hemorrhoid circular stapler passed into a TEO device. The advantage of the EEA hemorrhoid stapler is in the long shaft of the anvil that allows placement above the rectal defect. The defect can then be invaginated around the anvil under visual control before connecting the stapling device.
This rectal closure technique is another step in an ongoing effort to perform transrectal NOTES or hybrid NOTES colonic segmental resections for polyps or early cancers in all segments of the colon, overcoming the limitations of existing TEO techniques. Combining secure rectal closure, our PECAC technique to control the position of the anvil, and a flexible long circular stapler will enable segmental resections everywhere in the colon.
Conclusion
A full-thickness closure of transrectal planned viscerotomy with a circular stapler is feasible. The next step in translation of totally endoscopic NOTES colonic resection to human use is the validation and standardization of this rectal viscerotomy closure system on a large animal model study to prove its safety, efficacy, and reproducibility.
